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Abstract
To develop a quantitative diagnostic method for liver ﬁbrosis using an ultrasound B-mode image, a probability imaging method of
tissue characteristics based on a multi-Rayleigh model, which expresses a probability density function of echo signals from liver
ﬁbrosis, has been proposed. In this paper, an eﬀect of non-speckle echo signals on tissue characteristics estimated from the multi-
Rayleigh model was evaluated. Non-speckle signals were determined and removed using the modeling error of the multi-Rayleigh
model. The correct tissue characteristics of ﬁbrotic tissue could be estimated with the removal of non-speckle signals.
c© 2015 The Authors. Published by Elsevier B.V.
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1. Introduction
A quantitative diagnostic method for liver ﬁbrosis using an ultrasound B-mode image is highly required by its
real-time and non-invasive properties. To evaluate liver ﬁbrosis quantitatively using the ultrasound B-mode image,
it is eﬀective to focus on a probability density function (PDF) of echo amplitudes.[1][2][3][4] The B-mode image
of normal liver tissue shows speckled pattern and the PDF of the speckled pattern can be expressed by a Rayleigh
distribution. The PDF of liver ﬁbrosis image can be expressed by a combination of Rayleigh distributions with
diﬀerent variance.[5][6][7][8][9][10] In a clinical image of a liver tissue, there exists the non-speckle signals which
do not show the speckled pattern. These signals are obtained from the non-speckle structures such as a blood vessel
wall, and the PDF of these signals cannot be expressed by the Rayleigh distribution. These data increase the modeling
error of the multi-Rayleigh model and the probability imaging method of tissue characteristics based on the multi-
Rayleigh model. In this paper, non-speckle signals and its removing method are described. Then, multi-Rayleigh
models and probability images before and after removing non-speckle signals are evaluated.
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2. Amplitude distribution model of liver ﬁbrosis
An ultrasound B-mode image of a homogeneous tissue, such as a normal liver, shows the speckled pattern, and the
PDF of echo amplitudes can be approximated by a Rayleigh distribution. The Rayleigh distribution is given by
p(x) =
2x
σ2
exp
(
− x
2
σ2
)
, (1)
where x and σ2 are the echo amplitude and the variance of the echo amplitude, respectively.
In an inhomogenious medium, such as a ﬁbrotic liver which is constructed by hypoechoic, normal, and ﬁbrotic
tissues, each tissue shows the speckled pattern; however, the brightness in the B-mode image, which corresponds
to the range of echo amplitudes, is diﬀerent with each other so that the PDF of echo amplitudes deviates from the
Rayleigh distribution. Because each tissue in the ﬁbrotic liver shows speckled pattern, the PDF of echo amplitudes
can be expressed by a combination of Rayleigh distributions with diﬀerent variances. In our previous study, the
mixture model of several Rayleigh distributions with diﬀerent variances was proposed as a multi-Rayleigh distribution
model[8]. The multi-Rayleigh distribution model with three components is given by
pmix(x) = αLpL(x) + αMpM(x) + αHpH(x), (2)
where pL(x) is the Rayleigh distribution with a low variance (hypoechoic tissue),σ2L, pM(x) is the Rayleigh distribution
with a moderate variance (normal tissue), σ2M, and pH(x) is the Rayleigh distribution with a high variance (ﬁbrotic
tissue), σ2H, respectively. αL, αM, and αH are mixture rates of the Rayleigh distributions with low, moderate, and high
variances so that αL + αM + αH = 1.
Using the multi-Rayleigh distribution model, the information about each component can be independently ex-
tracted, and by comparing the each component’s information, the ultrasound B-mode image of liver ﬁbrosis can be
converted to the ﬁbrotic probability image.[10] The ﬁbrotic probability of the pixel of ultrasound B-mode image with
the amplitude x, pﬁb(x), can be calculated using
pﬁb(x) =
αHpH(x)
pmix(x)
. (3)
pﬁb(x) is the weight of the Rayleigh distribution with a high variance in the multi-Rayleigh model for a pixel with am-
plitude x. Using the ﬁbrotic probability image, tissue characteristics for liver ﬁbrosis can be evaluated quantitatively.
3. Eﬀect of non-speckle signals on tissue characteristics for liver ﬁbrosis based on multi-Rayleigh model
In the clinical image of liver tissue (Fig. 1(a)), there exists non-speckle signals obtained form the non-speckle
structures such as the blood vessel wall, which do not show the speckled pattern. In Fig. 1(b), which is the ultrasound
B-mode image of a window in clinical image, Fig. 1(a), there are high-amplitude non-speckle signals. Because
these non-speckle signals cannot be approximated by the Rayleigh distribution, the multi-Rayleigh distribution model
which is the combination of Rayleigh distributions cannot express the PDF of echo amplitudes correctly; therefore,
correct ﬁbrotic probability image which is calculated using the multi-Rayleigh model cannot be obtained. Figure 1(c)
shows the PDF and components of estimated multi-Rayleigh model and Fig. 1(d) shows the ﬁbrotic probability image
for the data in Fig. 1(b), respectively. When there exists non-speckle signals, the high-variance component of the
multi-Rayleigh model tries to express non-speckle signals; therefore, non-speckle signals judged as ﬁbrotic tissue,
and the correct ﬁbrotic probability image cannot be obtained.
Because the multi-Rayleigh model cannot express non-speckel signals, the modeling error of the multi-Rayleigh
model is increased. The modeling error is calculated using KL divergence. KL divergence is given by
DKL(p||q) =
∑
x
p(x) log2
p(x)
q(x)
, (4)
where p(x) is the probability distribution of the data and q(x) is the probability distribution of the model. The more
similar p(x) and q(x) are, the smaller DKL(x) is. When p(x) is equal to q(x), DKL(x) becomes 0.
Figure 2(a) shows the calculated modeling error of the multi-Rayleigh model estimated for the data in Fig. 1(b)
where the amplitudes are from 0 to x. When x is small (x < 2.3), the modeling error of the multi-Rayleigh model
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Fig. 1. (a) Ultrasound B-mode image of clinical data of liver tissue. (b) B-mode image of window in (a) which includes non-speckle signals.
(c) Probability density function (PDF) and components of estimated multi-Rayleigh model for data in (b) which include non-speckle signals. (d)
Fibrotic probability image for data in (b).
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Fig. 2. (a) Modeling error of multi-Rayleigh model for the data where the amplitudes are from 0 to x in Fig. 1(b). (b) B-mode image removing
non-speckle signals for data in Fig. 1(b). (c) Probability density function (PDF) and components of estimated multi-Rayleigh model for data in (b)
where non-speckle signals were removed. (d) Fibrotic probability image for data in (b) where non-speckle signals were removed.
becomes large because the range of echo amplitudes is insuﬃcient to construct the speckled pattern. When x is 2.3
(x = xm = 2.3), the modeling error of the multi-Rayleigh model takes a minimum value because the range of echo
amplitudes is suﬃcient to construct the each tissue’s speckled pattern, and there do not exist the non-speckle echo
signals as shown in Fig. 2(b). Figure 2(b) shows the B-mode image which only shows the data with amplitudes in the
range from 0 to xm. When x is large (x > 2.3), the modeling error becomes large because the data include non-speckle
signals. Thus, the non-speckle signals can be removed by detecting the amplitude, xm, at which the modeling error of
the multi-Rayleigh model is minimum, and removing the data where the amplitudes become larger than xm.
Figure 2(c) shows the PDF and components of estimated multi-Rayleigh model and Fig. 2(d) shows the ﬁbrotic
probability image, for the data in Fig. 2(b) where non-speckle signals are removed,. The shape of the PDF of echo
amplitudes and components of the multi-Rayleigh model changed after removing non-speckle signals. In the ﬁbrotic
probability image calculated before removing non-speckle signals, few pixels except non-speckle pixels have ﬁbrotic
probabilities over 0. On the other hand, by removing non-speckle signals, pixels around non-speckle pixels have
ﬁbrotic probabilities over 0, and we can properly see the tissue characteristic of ﬁbrotic liver. Thus, the correct ﬁbrotic
probability image can be obtained with removal of non-speckle signals.
4. Evaluation of clinical image of ﬁbrotic liver
Using the ﬁbrotic probability image based on the multi-Rayleigh model removing non-speckle signals, the clinical
image of ﬁbrotic liver, Fig. 3(a), was evaluated. A region of interest (ROI) was set manually and window was scanned
in the ROI. In each window, the multi-Rayleigh model removing non-speckle signals was estimated and ﬁbrotic
probabilities based on the multi-Rayleigh model were calculated. Overlapping window results were averaged at each
pixel. The ROI and window are shown in Fig. 3(a). Figure 3(b) shows extracted non-speckle signals. The high-
amplitude non-speckle signals in Fig. 3(a) were extracted. Figures 3(c) shows ﬁbrotic probability images calculated
before removing non-speckle signals and Fig. 3(d) shows the ﬁbrotic probability image calculated after removing

1176   Shohei Mori et al. /  Physics Procedia  70 ( 2015 )  1173 – 1176 





	


(a) (b) (c) (d)
window
ROI
Fibrotic probability
Fig. 3. (a) Clinical image of liver ﬁbrosis. (b) Result of extracted non-speckle signals. (c) Fibrotic probability image calculated before removing
non-speckle signals. (d) Fibrotic probability image after removing non-speckle signals.
non-speckle signals. In the ﬁbrotic probability image calculated before removing non-speckle signals, Fig. 3(c),
high-amplitude non-speckle signals were extracted as the ﬁbrotic tissues and ﬁbrotic probabilities in pixels around
non-speckle signals became small; therefore, structures of ﬁbrotic probability image calculated before removing non-
speckle signals (Fig. 3(c)) were similar with that of non-speckle image, Fig. 3(b). By removing non-speckle signals,
ﬁbrotic probabilities in pixels around non-speckle signals became large and diﬀerent structures of ﬁbrotic probability
image from the non-speckle image (Fig. 3(b)) could be seen. It was concluded that tissue characteristics of liver
ﬁbrosis based on the multi-Rayleigh model could be evaluated correctly with the removal of non-speckle signals.
5. Conclusions
In this study, the eﬀect of non-speckle signals on tissue characteristics for liver ﬁbrosis was evaluated using the
PDF of the ultrasonic B-mode image. The non-speckle signals could be extracted and removed using the modeling
error of the multi-Rayleigh model, which is the amplitude distribution model for the PDF of liver ﬁbrosis. On the
tissue characteristics based on the multi-Rayleigh model, non-speckle signals were judged as ﬁbrotic tissue; however,
the correct ﬁbrotic probability image could be obtained with the removal of non-speckle signals. It was concluded
that the removal of non-speckle signals is important to evaluate tissue characteristics for liver ﬁbrosis correctly.
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